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doi:10.1016/j.jds.2012.01.002Abstract Background/purpose: Increased occlusal jaw opening may lead to some changes in
the bite force and electromyographic (EMG) activities of the jaw muscles. This in situ study
was conducted to determine the immediate influence of three different occlusal vertical
dimensions on the maximum bite force and EMG activities of the masseter and anterior tem-
poralis muscles.
Materials and methods: Five healthy subjects participated in the study. Two maxillary occlusal
splints of 2 and 4 mm thickness were fabricated, and their use created, respectively, 8 and
10 mm of intermolar distances in the first molar region with a strain-gauge-mounted metal
arch. EMG activities of the muscles and the maximum bite force were simultaneously recorded
using an EMG device and two miniature strain-gauge transducers. Recordings were made in the
first molar region without a splint, but with two splints to produce 6, 8, and 10 mm of inter-
molar distances.
Results: EMG activities of both muscles decreased with increased jaw opening; however, the
differences were not statistically significant. The highest maximum bite force was found at
a 6-mm intermolar distance, which significantly differed from those at 8- and 10-mm intermo-
lar distances (P < 0.05). The most efficient bite force was exerted with 6 mm of intermolar
distance. The least EMG activity of both muscles was found with 10 mm of intermolar distance.
Conclusion: An increase in the vertical thickness of the splint to 10 mm may provide an imme-
diate effect of reducing masseter and anterior temporalis muscle hyperactivity.
Copyright ª 2012, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.of Prosthodontics, Faculty of Dentistry, Gazi University, Ankara 06510, Turkey.
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Figure 1 Strain-gauge transducer.
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Occlusal jaw opening may be altered by certain clinical
procedures such as occlusal splint therapy,1 orthodontic
treatment,2 and restorative rehabilitation of a patient.2,3
This may lead to some changes in the orofacial structures,
including the length of the main jaw elevator muscle fibers
and the position of the mandibular condyles in the fossa
articularis.2 Changing the length of the main elevator
muscle fibers will affect the bite force applied.4,5 When
a muscle fiber is stretched beyond its resting length, more
force is generated up to a point; further stretching results
in reduced force generation.6 It was stated that the
maximum bite force increases as the jaw is opened, rea-
ches a maximum level at 14e20 mm of interincisal distance,
and then decreases as the jaw is further opened.4,7
Several authors also demonstrated a decrease in the
electromyographic (EMG) activities of the masseter and
temporal muscles with different increases in jaw
opening.4,5,8,9 Decreased EMG activity of the jaw muscles
with an increased jaw opening is one of the hypotheses that
explains the clinical efficiency of occlusal splints for
treating masticatory muscle hyperactivity generally seen in
patients with temporomandibular (TMD) disorders and
bruxism.1,10,11 It was suggested that adjusting the thickness
of splints to or near the vertical dimension that produced
the least EMG activity may be effective in reducing
masseteric muscle hyperactivity and related symptoms.1 It
is assumed that insertion of an occlusal splint increases the
jaw opening, helps relax muscles,12,13 and redistributes
intraoral forces more evenly throughout the masticatory
system.14 However, there is no agreement on the optimal
thickness of the splints used. Although some clinicians
proposed that occlusal splints be employed in different
thicknesses ranging from 115 to 12e15 mm,16,17 Manns
et al15 stated that the use of an average of 8.1-mm splint
thickness appeared to be most efficient in achieving a rapid
improvement in symptoms.
The aim of this in situ study was primarily to determine
the immediate influences of an increased occlusal vertical
dimension on the maximum bite force and EMG activities of
the left and right masseter and anterior temporalis
muscles. A second aim was to compare the effects of three
occlusal jaw opening distances on EMG activities of the two
muscle groups.
Materials and methods
Five healthy subjects (two females and three males) vol-
unteered to participate in this study. The experimental
protocol was approved by the Ethics Committee of Gazi
University (process no. 20/2009). All subjects received
a written explanation of the study, and informed consent
was obtained from each person before the start of the
study. The ages of the subjects ranged from 18 to 32 years.
No participants reported any systemic disease; they had no
symptoms of TMD joint dysfunction or periodontal diseases,
and all had an Angle Class 1 molar relationship on both sides
with full permanent dentition (not including the third
molars). Subjects who had vital first molars without mesio-
occluso-distal restorations were included in the study.Fabrication of maxillary splints
Two maxillary occlusal splints with flat surfaces were
fabricated in a conventional manner using a clear autopo-
lymerizing acrylic resin (Akribel, Belmar, Izmır, Turkey).
Occlusal splints were constructed to cover all the occlusal
surfaces and one-third of the buccal and labial surfaces of
the maxillary teeth. The thicknesses of the splints were
determined to be 2 and 4 mm. After adjustment, they
created 8- and 10-mm intermolar distances, respectively, in
the first molar region with a strain-gauge-mounted metal
arch.
Bite-force measurement
Maximum bite forces were measured from each side of the
dental arch using two miniature strain-gauge transducers
with stainless-steel cases (Fig. 1) (Model VLPB, Load Cell
Central, Monroeton, PA, USA). Two transducers were placed
bilaterally on a flat metal arch, and the button of the
strain-gauge transducer was in contact with the flat metal
arch (Fig. 2). The transducers were fixed with plaster
(Betasan, Kocaeli, Turkey) to the metal arch (Fig. 3). The
metal arch and transducers were further covered with
a disposable latex finger coating to avoid contamination
during measurements (Figs. 4e6). Each transducer had
a height of 4 mm and a diameter of 12 mm; in these
applications, transducers reached a height of 6 mm.
The bite force was detected as a two-channel signal
from each side with a biosignal acquisition device designed
by Kardiosis (Tepa, Kardiosis, Ankara, Turkey). The force
signals were monitored online and then measured on a PC
screen, using a specific software program developed by the
same company. The transducers were calibrated by loading
them with known force values.
EMG recording
EMG data were recorded with a BioEMG II (BioPAK version
2.03, BioResearch, Milwaukee, WI, USA) EMG amplifier
connected to a PC running Windows (Microsoft, Redmond,
Figure 2 Contacted strain-gauge transducer with metal arch.
Figure 4 Bite-force recording without splint at 6 mm inter-
molar distance.
16 D. Koc et alWA, USA) and the BioPAK software program. The EMG
signals were graphically displayed on the screen. The eight-
channel amplifier had a bandwidth of 30e1000 Hz and an
input impedance of >100 MU. EMG activity was measured
bilaterally with disposable, self-adhesive electrodes (Bio-
Flex, BioResearch) in a bipolar configuration, and activity
values were recorded in microvolts (mV). Initially, the
masseter and anterior temporalis muscles were palpated to
define the placement of the electrodes that were parallel
to the direction of the muscle fibers. In order to reduce
electrode impedance, the skin was cleaned, prior to elec-
trode attachment, with an alcohol wipe. A disposable
ground electrode was placed around the nose.
Experimental protocol
The maximum bite forces and EMG activities of the right
and left masseter and anterior temporalis muscles were
recorded simultaneously. During the test, subjects were
seated in an upright position with the head in a natural
posture to keep the Frankfort plane approximately parallel
to the floor. The transducers were also maintained parallel
to the Frankfort plane. Initially, the bilateral transducersFigure 3 Fixed transducer with plaster.positioned on the metal plate were placed between the
first molar teeth on both sides. The maximum bite force
and maximum contraction of the muscles were recorded in
three sessions; in each session, subjects were asked to
clench their teeth as forcefully as possible three times. In
the first session, the maximum bite force was recordedFigure 5 View of strain-gauge-mounted flat metal arch
recording device in the mouth without splint: (A) frontal view;
(B) right-side view.
Figure 6 Bite-force recording with 2-mm splint.
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in the first molar region. In the other two sessions, splints of
2 and 4 mm thickness were placed in turn, and maximum
bite forces were recorded at 8- and 10-mm intermolar
distances, respectively. The transducer only contacted the
first molar region of the splint (Figs. 6 and 7). The contact
surfaces of the transducer and splint were flat and were not
slippery; therefore, no translation occurred. A rest interval
of 3 minutes was allowed between sessions.
The highest value of each clenching was recorded as
kilogram-Watt (kg W), and the mean value of the three
highest clenching was considered the subject’s maximum
bite force. The sum of the right and left bite force values
was considered to be the maximum bite force of the
subjects.
The mean EMG activities of the right and left muscles in
three clenching were calculated using the BioPAK software.
The mean EMG activities of the right and left muscles were
pooled and recorded as the maximum contraction values of
each muscle.
Statistical analyses
All data were analyzed using the Statistical Package for the
Social Sciences (SPSS version 9.0; SPSS Inc., Chicago, IL,
USA). The effects of different jaw openings on EMGFigure 7 Bite-force recording with 4-mm splint.activities of the masseter and anterior temporalis muscles
and on the bite force were analyzed using the Wilcoxon
signed-rank test with a statistically significant level set at
P < 0.05.
Results
EMG activities of the masseter and anterior temporalis
muscles at different jaw separations are shown in Table 1.
The highest EMG activity was obtained without splints, such
that the intermolar distance was 6 mm; they were recorded
as 163 and 180 mV for the anterior temporalis and masseter
muscles, respectively. The lowest value was found when
the occlusal splint of 4 mm thickness was used; with 10 mm
of intermolar distance, both muscles revealed the same
activity level of 108 mV. However, the Wilcoxon signed-rank
test showed no statistically significant differences between
the EMG activities of the muscles under all the conditions
tested (P > 0.05, Table 2).
Table 1 shows the average maximum bite forces of
subjects at three different intermolar distances. The
maximum bite force ranged from 11 to 37 kg W. All subjects
performed the highest maximum bite force without
a splint, with a 6-mm intermolar distance. While no
statistical significant difference was found between the
bite force values recorded at 8- and 10-mm molar distances
(P > 0.05), the value obtained at 6 mm significantly
differed from those at 8- and 10-mm intermolar distances
(P < 0.05, Table 2).
Discussion
Occlusal splints are used in patients with bruxism to protect
teeth from damage and to reduce the orofacial pain by
relaxing the masticatory muscles.18 It was stated that
the effectiveness of splints is achieved by redistributing
the oral forces19 or reducing the hyperactivity of the
muscles.13,20,21 Many studies evaluated the efficiency of
occlusal splints11,13,14,19,20; however, an optimal occlusal
splint thickness was not defined in any of them. The
occlusal splint thickness is an important consideration when
treating patients and may directly influence the clinical
effects.
In previous studies, relationships of the bite force and/
or EMG activities of the masticatory muscles with the
extent of jaw opening were investigated with different
recording techniques and devices.1,4e9 For example,
Mackenna and Turker7 simultaneously recorded the EMGTable 1 Comparison of the EMG activity values of
masseter and anterior temporalis muscle (mV) and bite force









6 163  127 180  170 30.16  7
8 116  29 119  29 10.66  6
10 108  20 108  29 21.54  5
Table 2 P values of EMG activities of muscles and bite









6e8 0.6 0.8 0.04*
8e10 0.5 0.3 0.6
6e10 0.6 0.3 0.04*
*P < 0.05.
18 D. Koc et alactivity of the masseter muscle with the bite force at
interincisal distances varying between 7.5 and 30 mm using
a gnathodynamometer, and they found the greatest
maximum bite force at interincisal distances of 14e20 mm.
They also showed that the EMG activity of the masseter
muscle decreased as the jaw opened. Paphangkorakit and
Osborn9 simultaneously evaluated the maximum bite force
with EMG activity of the temporal and masseter muscles
using a U-shaped force transducer. They concluded that the
average maximum bite force increased at a 14-mm inter-
incisal distance similar to that of the former study. They
stated that when the jaw was opened, the maximum EMG
activity of the masseter muscle declined and that of the
anterior temporalis muscle activity was roughly constant.7
On the other hand, Manns et al4 recorded the EMG
activity of the masseter muscle with a gnathodynamometer
by maintaining constant bite forces of 10 and 20 kg W. They
found that the EMG activity of the masseter muscle was the
lowest at 15e20-mm interincisal distances when the bite
force was maintained constant at 10 and 20 kg W. When
EMG activities were maintained constant at 20% and 40% of
the maximum activity, the bite force showed maximum
values with 15e20-mm interincisal distances.4 Lindauer
et al8 recorded EMG activities of masticatory muscles with
different force levels and intermolar distances. They found
that the EMG activities of the masseter, anterior, and
middle temporalis muscles decreased from 7 to 9e11 mm of
intermolar distance, equivalent to 15e20 mm interincisal
distances.8 Because different recording devices and tech-
niques were used, the results of those studies suggested
that the greatest bite force is exerted at an interincisal
distance in the range of 15e20 mm.
In the current study, we recorded the maximum
contraction of muscles at intermolar distances of 6, 8, and
10 mm, which approximately corresponded to 15e20-mm
interincisal distances. The results showed that EMG activi-
ties of the masseter and anterior temporalis muscles
decreased when the jaw opening increased from 6 to 10 mm
of intermolar distance. These results are consistent with
those of the studies conducted by Paphangkorakit and
Osborn9 and Mackenna and Turker.7 The present study
results also showed that the average maximum bite force
was significantly higher at a 6-mm intermolar distance. It
decreased with an increase in the jaw opening, and the
lowest bite force was recorded at an 8-mm intermolar
distance. These changes in the bite force can be partly
attributed to the lengthetension relationship of muscle
fibers. The force produced during isometric contractions of
the muscle is affected by the muscle length. Tensionincreases with elongation of the muscle, reaching a peak at
its maximum stretched position at the optimal length.
Beyond this point, an increase in elongation of the muscles
causes the tension to decrease.4,5
According to Throckmorton et al,22 increasing the jaw
opening and maintaining the transducer position on the
mandibular first molar decrease the moment arm and the
mechanical advantage of the masseter muscle. Therefore,
when the mandible rotates and moves backward, an
increase in muscle activity is necessary to produce a bite
force.22 However, in the current study, increases in the jaw
opening led to decreases in both muscle activities with
a second increase in maximum bite force at a 10-mm
intermolar distance, which was not close to the maximum
bite force. This condition can be explained by other
unmeasured jaw-closing muscles that may have contributed
to bite-force production at larger openings.
On the other hand, the decrease in temporal and
masseter muscle activities with an increased jaw opening
was more prominent for the masseter muscle than for the
anterior temporalis muscle. This may have been due to the
fact that each muscle is oriented and located differently,
and is physically affected in different manners by changes
in the jaw position. It is likely that the effects of physio-
logical changes in masticatory muscle function due to
length alterations are modified by biomechanical differ-
ences induced by jaw opening. Additionally, adaptations of
neural control strategies in the masticatory system prob-
ably also occur in response to jaw opening.8
Although one of the most critical limitations of this study
is the small number of subjects and the high standard
deviation of both muscles at the 6-mm intermolar distance,
the study findings suggest that a sudden increase in the
occlusal separation decreases EMG activities of associated
muscles and shows variable effects on the bite force. Long-
term effects of further vertical jaw openings should be
examined in future studies using more subjects.
Conclusions
Analyses in the current study demonstrated the following:
1. The most efficient bite force was exerted at the 6 mm
intermolar distance. If the vertical dimension is
increased, this finding should be considered to achieve
the most effective bite force.
2. EMG activities of the masseter and anterior temporalis
muscles decreased with an increased jaw opening. The
least EMG activity of both muscles was found at the
10-mm intermolar distance. Increasing the vertical
thickness of the splint to 10 mm may have provided an
immediate effect of reducing masseter and anterior
temporalis muscle hyperactivity.
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